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Diffuse large B-cell lymphoma (DLBCL) is one of the most common aggressive

B-cell lymphomas with significant heterogeneity. More than half of patients are

cured, but 40%–45% still face relapse or develop drug resistance, and the

mechanism is not yet known. In this study, Centrimeric protein F (CENPF)

overexpression was found in several DLBCL patients with relapsed or refractory

disease compared to patients with complete remission. Thus, the human

DLBCL cell line SU-DHL-4 was chosen for this study, and CENPF was

upregulated in that cell line by using an adenovirus in vitro. Mass

spectrometry-based quantitative proteome analysis was first performed, and

the results showed that the expression levels of various proteins were increased

when CENPFwas upregulated, and these proteins aremainly involved in cellular

processes, biological regulation, immune system processes and transcriptional

regulator activity. Bioinformatics data analysis revealed that the main enriched

proteins, including UBE2A, UBE2C, UBE2S, TRIP12, HERC2, PIRH2, and PIAS,

were involved in various ubiquitin-related kinase activities and ubiquitination

processes. Thus, ubiquitinome analysis was further performed, and the results

demonstrated that proteins in many immune-related cellular pathways, such as

natural killer cell-mediated cytotoxicity, the T-cell receptor signaling pathway

and the B-cell receptor signaling pathway, were significantly deubiquitinated

after CENPF was upregulated in DLBCL cells. Furthermore, TIMER2.0 was also

used to reveal the association between CENPF and immune infiltration in

DLBCL. The results showed that CENPF expression was positively correlated

with CD8+ T cells, NK cells and B lymphocytes in DLBCL samples but negatively

correlated with regulatory T cells. Aberrant activation of CENPF may induce

immune dysregulation in DLBCL cells by mediating protein deubiquitination in

various immune signaling pathways, which leads to tumor escape of DLBCL, but

further experimental validation is still needed.
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Introduction

Diffuse large B-cell lymphoma (DLBCL) is an aggressive B-cell

lymphoma. It is themost common type of non-Hodgkin lymphoma

(NHL), which has significant heterogeneity with different prognoses

for patients with different subtypes (Smith et al., 2015; Cazzola,

2016). DLBCL can be divided into the germinal center (GCB) type

and non-germinal center (non-GCB) type according to the cell of

origin (COO) classification, where the activated B cell (ABC)

subtype of non-GCB is associated with poor prognosis (Alizadeh

et al., 2000). Moreover, it was recently found that DLBCL can be

grouped according to genomic alterations with different prognoses,

thus reflecting the obvious heterogeneity of DLBCL (Schmitz et al.,

2018). The standard chemotherapy treatment for DLBCL is

rituximab plus cyclophosphamide, vincristine, doxorubicin and

prednisone (R-CHOP) (Coiffier et al., 2002), but for 40%–45% of

patients, this treatment is ineffective or relapse occurs soon after

remission (Vitolo and Novo, 2021). Moreover, only 10%–20% of

patients who relapse after first-line treatment can achieve long-term

disease-free survival with salvage therapy, such as high-dose

chemotherapy, stem cell transplantation and chimeric antigen

receptor (CAR) T-cell therapy, and the median overall survival is

only 5–6 months (Goy et al., 2019). However, the definite

mechanism underlying disease relapse and drug resistance under

the current standard therapy is still largely unknown. Therefore,

overcoming the recurrence and drug resistance of DLBCL is the

most important and difficult problem in current research.

Centrimeric protein F (CENPF) is a centromeric protein

containing 3210 amino acids that plays an important role in

mitosis, including centromere maturation, chromosome

adjustment and segregation, and stabilization of the anaphase

spindle, thereby regulating mitosis and maintaining the normal

progression of the cell cycle (Varis et al., 2006). In addition to its

involvement in tumor cell proliferation, CENPF is also involved

in protein degradation in tumor cells (Gurden et al., 2010). The

expression of CENPF in GO/Gl-cells is low, and it accumulates in

the nuclear matrix during S-phase, with the maximum level in

G2/M-cells (Liao et al., 1995). At present, CENPF is generally

considered a potential marker of proliferation in a variety of

malignant tumors, as it is elevated in various malignant tumors,

such as liver cancer (Huang et al., 2021), gastric carcinoma (Chen

et al., 2019), lung cancer (Li et al., 2021), breast cancer (Chen

et al., 2020), prostate cancer (Shahid et al., 2019) and malignant

glioma (Zhang et al., 2021) and is associated with poor prognosis

in patients. In 2005, a radio-immunological assay was used to

compare 347 non-Hodgkin’s lymphoma patients and 150 control

subjects, and the proportions of CENPF detected in the two

groups were 7.2% and 1.3% (p < 0.05), respectively, suggesting

that CENPF may play a role in the development and progression

of some types of NHL (Bencimon et al., 2005). However, the

relationship between CENPF and DLBCL is not well reported,

and the specific mechanism is unknown.

Ubiquitination (UB) is a protein posttranslational modification

process characterized by the covalent attachment of ubiquitin

molecules to cellular protein substrates through an enzymatic

cascade, which involves E1 (ubiquitin-activating enzyme), E2

(ubiquitin-conjugating enzyme) and E3 (ubiquitin ligase)

(Lacoursiere et al., 2022). The process of ubiquitination includes

classification of intracellular proteins and selection of target protein

molecules to undergo specific modifications. The ubiquitination

modification process is reversible and dynamic and participates in

the regulation of gene transcription, the cell cycle, inflammatory

responses, DNA damage repair and other biological processes that

mediate the occurrence and development of tumors (Popovic et al.,

2014). The role of protein ubiquitination in malignant lymphoma

has been extensively confirmed; non-etheless, our understanding of

how protein ubiquitination regulates malignant lymphoma is still

greatly limited. However, in our study, using DLBCL patient tissues

and cell lines, we found that CENPF affected the immune

microenvironment of DLBCL by altering ubiquitination

modifications through proteomic and ubiquitinomic analyses,

and we hope to identify the mechanism by which CENPF affects

the prognosis of DLBCL and provide promising therapeutic

strategies for DLBCL.

Materials and methods

Study population

This retrospective study was approved by the institutional

review board, and written consent was obtained from involving

patients. This study selected and reviewed 12 patients diagnosed

with DLBCL in January 2021 at Nanjing First Hospital and

completed six cycles of R-CHOP regimen chemotherapy, six of

whom achieved complete remission and the other six were

patients with refractory relapse.

Reagents and cell lines

TRIzol reagent was purchased from Thermo Fisher Scientific

(MA, United States), and the reverse transcription system kit and

SYBR Premix Ex Taq II kit were obtained from Takara Biomedical

Technology (Beijing, China). The CENPF antibody was purchased

fromProteintech (Chicago, IL, United States). The primer sequences

for CENPF and β-actinwere synthesized and provided by Invitrogen
(CA, United States). The DLBCL cell line SU-DHL-4 was purchased
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from American Type Culture Collection (ATCC, Bethesda, MD,

United States) and cultured in RPMI-1640 medium (HyClone, UT,

United States) with 10% fetal bovine serum (FBS; Sigma, St, Louis,

MO, United States) at 37°C and 5% CO2.

Adenovirus transfection

An adenovirus carrying CENPF overexpression plasmids was

constructed by OBIO technology and transfected into a DLBCL

cell line according to the manufacturer’s instructions.

Approximately 3×103 DLBCL cells were cultured in 96-well

culture plates, and 100 µl of medium was added to each well.

When the cells reached 60% confluency, the medium was

changed to serum-free medium, and the corresponding

volumes of adenovirus were added to each well according to

the MOI (multiplicity of infection) value for transfection. After

transfection for 8–12 h, the transfection efficiency was evaluated

under a fluorescence microscope. Then, the cell samples were

gently aspirated and centrifuged at 1000 rpm for 5 min, complete

medium was added, and the culture was continued for 24–48 h.

Real-time RT PCR

Total RNA was extracted from the lymphoma tissue using

TRIzol reagent, and cDNA was prepared with a reverse

transcription system kit. Then, real-time RT PCR was

performed to evaluate the relative mRNA levels of genes in

different lymphoma tissues by the SYBR Premix Ex Taq II kit

in this study. Additionally, the mRNA expression levels were

determined by the comparative 2−ΔΔCt method. β-actin was used

as the internal control in this study.

Immunohistochemical staining

Immunohistochemical staining was performed in this study

according to the protocol described previously (Pichaiwong et al.,

2013). Briefly, the lymphoma tissue was cut into 4 μm slices, and

the sections were incubated with primary antibodies overnight.

Then, the secondary antibodies were used and visualized with

diaminobenzidine under a microscope. More than 6 fields in each

section were evaluated, and the IOD/area value was used to

measure the intensity of positive staining using Image-Pro Plus

7.0 software (Media Cybernetics, Silver Spring, MD).

Proteome and ubiquitome analyses

Sample preparation
The DLBCL cell line SU-DHL-4 was transfected with a

CENPF-overexpressing adenovirus, and the samples were

lysed with lysis buffer (8 M urea, 1% protease inhibitor and

50 μM PR-619). After ultrasonic lysis, the sample protein was

centrifuged at 12000×g for 10 min to remove cellular debris.

Furthermore, the supernatant was transferred into a centrifuge

tube, and the protein concentration was determined using a BCA

assay kit (Beyotime Biotechnology, Jiangsu, China). Proteome

and ubiquitome analyses were performed at PTM BioLabs

(Hangzhou, China).

LC-MS/MS analysis

Equal amounts of sample protein were used for enzymatic

digestion, and the volume was adjusted to be the same as the

lysis solution. Then, TCA was slowly added to reach a proportion of

20%, and the mixture was incubated for 2 h at 4°C after vortex

mixing. After digestion with trypsin at 37°C overnight, the peptides

were collected. Dithiothreitol (DTT) and iodoacetamide (IAA) were

added successively. Then, the peptides were further separated by

high-performance liquid chromatography (HPLC, Thermo Fisher

Scientific). The separated peptides were dissolved in IP buffer

(pH 8.0, 1 mM EDTA, 50 mM Tris-HCl, 100 mM NaCl and

0.5% NP-40). Peptide adsorption resin (PTM-1104, PTM Bio)

and 0.1% trifluoroacetic acid eluent were used to obtain the

ubiquitinated peptides. Then, the peptide fractions were analyzed

by LC‒MS/MS. The MS data were acquired dynamically based on

the data-dependent top 10 method.

Bioinformatics data analysis

Raw MS/MS data were further analyzed using Andromeda

engine in the MaxQuant environment. The human UniProt

FASTA database was used in this study and matched with the

MS/MS spectra with FDR<1%. Categorical annotation was used

and presented as molecular function and cellular component,

Gene Ontology (GO) biological process and Kyoto Encyclopedia

of Genes and Genomes (KEGG) pathways. GO and KEGG

pathway enrichment analyses were performed based on

Fisher’s test. Timer 2.0 (http://timer.cistrome.org/) was used to

estimate immune infiltration in the environment of The Cancer

Genome Atlas (TCGA) in this study (Li et al., 2020).

Statistical analysis

The experiments were performed in biological triplicates,

and the data were analyzed using SPSS 20.0 (Chicago, IL,

United States) and are presented as the mean ± standard

deviation. The correlation was determined by Pearson’s r, and

the analysis between two groups was performed using Student’s

unpaired t test or one-way analysis of variance. p < 0.05 was

considered statistically significant in this study.
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Results

CENPF overexpression was found in
DLBCL patients with relapsed or refractory
disease

Real-time PCR was first performed to reveal the expression

levels of CENPF in patients with complete remission (CR) and

relapsed refractory (RR) disease. As shown in Figure 1, in DLBCL

patients, CENPF expression was significantly upregulated in RR

patients compared with CR patients. Then,

immunohistochemical staining of CENPF in lymphoma tissue

was also performed to evaluate the expression and distribution of

CENPF in CR patients and RR patients. The results showed that

CENPF was overexpressed in RR patients, and the IOD/area

measurement results were also consistent with the real-time PCR

results in this study.

Quantitative proteomic profiling of the
CENPF-upregulated DLBCL cell line

To systematically identify the role of overexpressed CENPF

in DLBCL, a DLBCL cell line (SU-DHL-4) was used, and mass

spectrometry-based quantitative proteomics was performed in

this study (Figure 2A). CENPF expression was first determined

in the SU-DHL-4 cell line, and the results demonstrated that

CENPF expression was not activated in the normal DLBCL cell

line. Then, adenovirus was used to upregulate CENPF in the

human SU-DHL-4 cell line, and quantitative proteomic

analysis was performed according to a protocol described

previously. As shown in Figures 2B,C, transfection was

performed using an adenovirus, and CENPF was found to

be significantly increased in the human DLBCL cell line.

Then, quantitative proteomics was performed, and the

principal component analysis (PCA) results were obviously

different after CENPF was upregulated (Figure 2D). The

expression levels of various proteins were also markedly

changed in the DLBCL cell line and were mainly

concentrated in the small- and medium-sized protein

population of 10–100 kDa (Figure 2E). A total of

6336 proteins and 75736 peptides were identified in the

DLBCL cell line by quantitative proteomics, and

328 proteins were considered evidently changed after

CENPF upregulation based on a fold ratio >1.5. The

significantly changed proteins included 285 upregulated

proteins and 43 downregulated proteins. The results of the

clustering analysis are presented as heatmaps (Figure 2F) and

volcano plots (Figure 2G, log2-fold change and–log10 p value),

which demonstrated that the expression levels of most proteins

were evidently upregulated. The upregulated proteins

accounted for 86.9% of all the significantly changed proteins.

FIGURE 1
Real-time RT‒PCR and immunohistochemical staining analysis of CENPF expression in lymphoma (A). Immunohistochemical staining of
CENPF in CR and RR patients with lymphoma. (B). Real-time RT PCR was performed to reveal the mRNA expression levels of CENPF in complete
remission (CR) and relapsed refractory (RR) patients with lymphoma. (C). Quantitative analysis of CENPF expressed in lymphoma tissue in different CR
and RR patients by using the mean IOD/area (μm2). Scale bar is 200 μm.
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FIGURE 2
Quantitative proteomic profiling analysis in CENPF-upregulated DLBCL cells (A). Flowcharts of the quantitative proteome and ubiquitinome
analysis in CENPF-overexpressing DLBCL cells; (B). The expression of CENPF in a DLBCL cell line (SU-DHL-4) was upregulated using an adenovirus
and evaluated under a fluorescence microscope; scale bar is 100 μm; (C). Quantitative analysis of CENPF expression in different groups of SU-DHL-
4 cells; (D). The results of principal component analysis in the control group and CENPF-upregulated group; (E). The numbers of proteins with
different molecular masses determined by proteome analysis in DLBCL cells; f-g. The results of clustering analysis by proteome analysis are
presented as a heatmap and volcano plots (log2-fold change and–log10 p value). (H). The numbers of upregulated and downregulated proteins
identified by quantitative proteomics.
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FIGURE 3
Bioinformatics analysis and protein functional annotation. (A). The subcellular localization of proteins identified by quantitative proteomics in
CENPF-upregulated DLBCL cells; (B). GeneOntology (GO)-based enrichment analysis of proteins with significantly changed expression levels; (C,D).
The GO analysis and COG/KOG functional classification of proteins in the proteome; (E). The significantly increased proteins in ubiquitin-mediated
proteolysis, including UBE2A, UBE2C, UBE2S, TRIP12, HERC2, PIRH2 and PIAS.
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FIGURE 4
Quantitative ubiquitinome analysis in CENPF-upregulated DLBCL cells (A). The numbers of proteins and sites identified by ubiquitinome analysis
in this study; (B). The results of principal component analysis in the control group and CENPF-upregulated group identified by ubiquitinome; (C).
Pearson’s correlation coefficient analysis performed in different groups; (D,E). The results of clustering analysis by ubiquitinome analysis are
presented as a heatmap and volcano plots (log2-fold change and–log10 p value); (F). GO analysis and COG/KOG functional classification of
proteins identified by ubiquitinome analysis; (G,H). The results of functional enrichment and KEGG enrichment analysis.
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Functional annotation of proteins in
CENPF-overexpressing DLBCL cells

To reveal the function of proteins identified by quantitative

proteomics in CENPF-upregulated DLBCL cells, subcellular

localization, gene ontology (GO)-based enrichment analysis,

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway

enrichment, protein domain analysis and COG/KOG functional

classification were performed. As shown in Figure 3A, WolF

Psort software was first used to annotate the subcellular

structures of significantly changed proteins, and then

localization to various intracellular elements was determined

based on the differences in the membrane structure of the

proteins in eukaryotic tissue cells. The results demonstrated

that the significantly changed proteins were mostly localized

in the nucleus (46.13%), cytoplasm (22.18%) and mitochondria

(11.27%). Additionally, the results of GO analysis were presented

as biological process, cellular component and molecular function

terms, and the proteins identified by GO analysis were mainly

focused in cellular processes, biological regulation, immune

system processes and transcription regulator activity.

Furthermore, the significantly increased proteins (fold

ratios >2.0) identified in this study were mainly enriched in

various ubiquitin-related kinase activities, which was revealed by

functional enrichment analysis, as shown in Figures 3C, D. The

proteins and kinases found to be significantly increased,

including UBE2A, UBE2C, UBE2S, TRIP12, HERC2,

PIRH2 and PIAS, were closely associated with the

ubiquitination process. The proteins participating in the

process of ubiquitin-mediated proteolysis are presented in

Figure 3E.

Ubiquitinome analysis in CENPF-
upregulated DLBCL cells

Previous results showed that the activities of multiple kinases

associated with the ubiquitination process were significantly

altered in CENPF-overexpressing DLBCL cells. Thus,

quantitative analysis of the ubiquitinome was further

performed in this study. As shown in Figure 4A, CENPF-

upregulated DLBCL cells were quantitatively analyzed by the

ubiquitinome, and a total of 2249 ubiquitination proteins and

30582 peptides were identified in DLBCL cells in this study. The

proteins and sites included 587 upregulated ubiquitination

proteins, 1000 upregulated ubiquitination sites,

1662 downregulated ubiquitination proteins and

5451 downregulated ubiquitination sites. The results showed

that the proteins in DLBCL cells were markedly

deubiquitinated after CENPF activation in this study.

Principal component analysis significantly distinguished

between the CENPF upregulated group and the control group

(Figure 4B). Pearson’s correlation coefficient analysis also

demonstrated a significant correlation between different

samples within a certain group. Additionally, as shown in

Figures 4D, E, the clustering analysis presented as heatmaps

(Figure 4D) and volcano plots (Figure 4E, log2-fold change

and–log10 p value) demonstrated that the degree of protein

ubiquitination was significantly decreased in DLBCL cells after

CENPF overexpression. Most proteins were in abnormal

ubiquitination or deubiquitination states (73.9%).

Additionally, GO and KEGG pathway analyses were

performed to uncover the underlying molecular mechanisms

in which the proteins participated. The results of COG/KOG

functional analysis demonstrated that these proteins were mainly

associated with transcription, signal transduction and

posttranslational modification. The proteins were significantly

enriched in the regulation of the meiotic cell cycle, chaperone

cofactor-dependent protein refolding and regulation of

phagocytosis. The results of KEGG pathway analysis also

demonstrated enrichment of immune-associated pathways,

such as the B-cell receptor signaling pathway.

CENPF overexpression mediated protein
deubiquitination in various immune
pathways

To further analyze the proteins with significantly changed

ubiquitination in this study, the proteins and sites were

further divided into 4 parts from Q1 to Q4 according to

the fold change in ubiquitination levels in CENPF-

upregulated DLBCL cells. As shown in Figure 5A, there

were 4204 sites in Part Q1 (folds <0.5, 69.1%), 1014 sites in

Part Q2 (from 0.5 to 0.667, 16.6%), 321 sites in Part Q3 (from

1.5 to 2.0, 5.27%) and 548 sites in Part Q4 (>2.0, 9.0%). The

results demonstrated that the level of ubiquitination at most

sites was significantly decreased in DLBCL cells after CENPF

overexpression. Then, the GO classification, KEGG pathway

and protein domain enrichment analyses were performed

according to the different parts from Q1 to Q4, and cluster

analysis was performed to find the correlation of protein

functions in different signaling pathways. As shown in

Figure 5B, the significantly deubiquitinated proteins and

sites were evidently enriched in many immune-related

cellular processes and pathways, including natural killer

cell-mediated cytotoxicity, the T-cell receptor signaling

pathway and the B-cell receptor signaling pathway.

Additionally, pathways such as apoptosis, cellular

senescence and Toll-like receptor signaling pathways were

also enriched in Part Q1.

Furthermore, the TIMER2.0 database was used to verify the

role of CENPF in immune infiltration in DLBCL and showed that

CENPF is related to CD4+ T cells, CD8+ T cells, B cells, NK cells

and regulatory T cells. In DLBCL patients, CENPF expression

was positively correlated with CD8+ T cells, NK cells and B
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FIGURE 5
Bioinformatics analysis and immune infiltration evaluation in DLBCL cells (A). The ubiquitination sites were divided into 4 parts according to the
fold change in ubiquitination levels in CENPF-upregulated DLBCL cells: Part Q1 (fold change <0.5), Part Q2 (fold change from 0.5 to 0.667), Part Q3
(fold change from 1.5 to 2.0) and Part Q4 (fold change >2.0); (B). The results of KEGG pathway enrichment analysis of proteins identified by
ubiquitinome; (C). The motif analysis of ubiquitination sites in this study; d-i. The role of CENPF in immune infiltration in DLBCL presented with
CD4+ T cells, CD8+ T cells, B cells, NK cells and regulatory T cells verified using TIMER2.0.
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lymphocytes but negatively correlated with regulatory T cells.

Although not statistically significant, a negative correlation

between CENPF expression and CD4+ T cells was observed.

Discussion

DLBCL, one of the most common and aggressive types of

B-cell lymphoma, is heterogeneous; although more than half of

DLBCL patients can be cured with standard treatment, it remains

incurable in 40%–45% of patients (Vitolo and Novo, 2021). R/R

DLBCL remains a major cause of morbidity and mortality, but

the mechanism is still unclear. In our study, we retrospectively

collected lymphoma tissues fromDLBCL patients with refractory

or relapsed (R/R) disease and complete remission (CR) and

found that in the two groups, CENPF expression was higher

in the R/R patients by real-time PCR and immunohistochemical

staining, which demonstrated that CENPF overexpression may

be associated with poor outcome in DLBCL patients. CENPF has

recently been investigated as a centromeric protein that is highly

expressed in a variety of tumors, including DLBCL, and has been

shown to be an important promoter and master regulator of

tumors associated with poor prognosis. In terms of the

mechanism, it has been found that CENPF plays a role in

breast cancer through activation of the PI3K-AKT-

mTORC1 pathway (Sun et al., 2019). In prostate cancer (PC),

CENPF has been reported to be a critical regulator of PC

metabolism (Shahid et al., 2019). Also, knockdown of CENPF

can inhibit the progression of lung adenocarcinoma by

suppressing the expression of ER2/5 of the ERβ2/5 pathway

(Hexiao et al., 2021). However, the mechanism of how CENPF

acts in DLBCL is not yet clear; thus, we performed quantitative

proteomic profiling of the CENPF-upregulated DLBCL cell line

(generated by adenoviral transfection) and found that the

expression levels of various proteins in the DLBCL cell line

were also markedly changed, and these proteins were mainly

focused on cellular processes, biological regulation, immune

system processes and transcriptional regulator activity by GO

and KEGG analysis. Furthermore, it was interesting that the

significantly increased proteins were mainly enriched with

various ubiquitination-related enzymes, which was revealed by

functional enrichment. This finding was consistent with previous

findings that CENPF participates in ubiquitin-mediated

proteolysis in cancer (Shi and Zhang, 2017; Zhang et al., 2021).

Ubiquitination (UB) is a protein posttranslational

modification process that is strongly correlated with the

development and prognosis of DLBCL. In ABC DLBCL,

protein polyubiquitination has been considered to be a

significant oncogenic signaling pathway based on the

observation that inactivation of deubiquitinating enzyme (DUB)

A20 and mutation of TRAF2 both result in activation of NF-κB
(Compagno et al., 2009; Honma et al., 2009). In addition, protein

modification with linear ubiquitin chains (LUBAC) plays a crucial

role in the oncogenic activation of NF-κB in ABC DLBCL cells

because LUBAC attaches linear polyubiquitin chains to IκB
kinase-γ, an indispensable element for the function of NF-κB
(Yang et al., 2014). Proteins of the F-box family act as specific

subunits in the ubiquitin ligase complex of Skp1–Cul1–F-box-

protein specificity (SCF), selectively guiding SCF to recognize

target proteins and promote their enzymatic digestion after

ubiquitination. FBXO10 and FBXO11 of the FBXO family were

recently identified as important regulators of DLBCL. They both

play a role in inhibiting DLBCL tumors. FBXO10 and

FBXO11 bind to BCL2 and BCL6, respectively, resulting in

their ubiquitination and promoting their degradation, thereby

regulating the levels of BCL2 and BCL6 proteins in lymphoma

cells (Duan et al., 2012; Chiorazzi et al., 2013). Additionally, in our

study, the results showed that the proteins in DLBCL cells were

markedly deubiquitinated after CENPF activation. Therefore, the

protein ubiquitination system has been shown to be closely related

to the development of DLBCL, and it is expected to become a

therapeutic target for malignant lymphoma, but we need further

research on how to target this mechanism with small molecules.

Studies have found that the degree of infiltration of

immune cells influences OS in DLBCL patients, indicating

that immune cells are closely associated with the prognosis

and treatment of DLBCL (Liang et al., 2021). The

ubiquitinated modification pathway undoubtedly also plays

an important role in the regulation of the immune system, and

it has an effect on intrinsic immunity and adaptive immunity

by regulating the function of different types of cells in the

immune system, thereby affecting the occurrence and

development of many major human diseases, such as

autoimmune diseases, infectious diseases and malignant

tumors (Gavali et al., 2021; Çetin et al., 2021). Meanwhile,

we found that after the overexpression of CENPF, the proteins

identified by quantitative proteomics in CENPF-upregulated

DLBCL cells were mainly associated with transcription, signal

transduction and posttranslational modification through

COG/KOG functional analysis. The results of KEGG

pathway analysis also demonstrated enrichment of

immune-associated pathways, such as the B-cell receptor

signaling pathway. CENPs, such as CENPA and CENPB,

have been discovered to be immune autoantigens of

systemic scleroderma (Nunes et al., 2018). In addition,

studies have found that CENPF is positively associated with

CD4+ memory T-cell phenotypic markers and negatively

correlated with memory T-cell survival regulators in

cutaneous melanoma (Li et al., 2022). Therefore, CENPF

may be related to the activation of memory CD4+ T cells,

and the increased expression level of CENPF contributes to

immunosuppression by restraining the maintenance and

homeostasis of memory CD4+ T cells (Li et al., 2022). In

the peripheral blood of hepatocellular carcinoma patients, the

expression of CENPF was upregulated and was found to be

positively correlated with the percentage of CD8+ T cells and
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negatively correlated with the percentage of CD4+ T cells (Si

et al., 2021). In our study, we found that high CENPF

expression alters the levels of ubiquitinating enzymes,

which were mainly enriched in immune regulation. This

result was consistent with a previous finding that CENPF

may be associated with immune regulation. We further found

that CENPF expression was positively correlated with CD8+

T cells in DLBCL samples. Although not statistically

significant, a negative trend of correlation between CENPF

expression and CD4+ T cells was observed; we propose that the

lack of statistical significance may be related to the small

sample size and the lack of further phenotypic analysis. We

also found that the expression of CENPF was positively

correlated with NK cells and B lymphocytes and negatively

correlated with regulatory T cells. Therefore, further studies

are needed to determine whether CENPF expression affects

immune cell infiltration and tumor escape.

In conclusion, we believe that the role of CENPF in

relapsed refractory DLBCL is related to the prognosis of

patients. Notably, high expression of CENPF causes

alterations in the activity of multiple ubiquitinating

enzymes, and these enzymes are mainly enriched in

immune-related pathways. We found that CENPF was

positively correlated with CD8+ T cells, NK cells and B

lymphocytes in DLBCL, while it tended to be negatively

correlated with CD4+ T cells, so we suggest that CENPF

may induce immune dysregulation by mediating protein

deubiquitination in multiple immune pathways.

Meanwhile, the current study confirmed that

immunomodulation plays an important role in the

development of DLBCL, especially immunotherapy, such

as CAT-T-cell therapy, which has improved the prognosis

of patients. Therefore, CENPF may be a potential clinical

prognostic marker for DLBCL and an effective therapeutic

target, but further studies are needed to validate these

findings and clarify the mechanisms involved.
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